Results: Twelve weeks of aerobic and anaerobic exercise program based on the American College of Sports Medicine (ACSM); frequency, intensity, time, and type protocol has beneficial effect on estradiol level and lean mass, whereas inversely correlated with fat mass of postmenopausal osteoporotic female.
Introduction
Menopause is an inevitable event that causes plenty of physiological variation in female body. [1] The global prevalence of natural menopause varies significantly in developed countries with an average age of 51 years. [2, 3] Globally, it has been estimated that around 25 million women reach menopause and the number is expected to be doubled by the late 2020. Moreover, in the U.S.A. and Europe, 51 and 50.7 years are average ages of the onset of menopause documented, respectively, [4, 5] whereas in Pakistan 49.3, [6] India 45.0, [7] UAE 48.6, [8] and Saudi Arabia it is found to be 48.9 years. [9] Women spend one-third of their life span in the postmenopausal state with its associated symptoms [10] such as hot flushes (65%), [11] [12] [13] [14] mood swing (42.6%), [14] vaginal dryness (34%), [14, 15] sleep problems (47.4%), [12] [13] [14] night sweats (44%), [12, 14] memory loss (32.3%), [14, 16] urinary symptoms (18.3%), [14, 17] osteoporosis(12.6%), [18] anxiety (5.8%), [14, 19] joint and muscle pain (40.1%), [13] depression (27.5%), [20, 21] and irritability (5.9%) [14] have been documented.
It is well evident that during the process of aging and menopause, the level of anabolic hormones, especially estrogen hormone, changes significantly causing both physiological and psychological changes in the body. [22] Recent study suggests that menopause transition is associated with changes in body composition that increases in body fat (B.F), central adiposity [23] [24] [25] and promotes a loss of fat-free mass potentially a decline in skeletal muscle mass [23, 24] that may be related to a decline in energy expenditure, [13, 25] a loss of muscular strength, [26] and a decline in physical activity. [27] The bone loss experienced in the initial 6 years after menopause is estimated to be approximately 15% imposing a considerable risk for the development of osteoporosis. [28] Objective: The life expectancy of women increases with the advancement in modern medicine, leading them to spent about two decades in menopausal state along with its associated complications. The process of aging triggers a deleterious cascade of physiological changes in the body. Hence, the aim of our study is to determine the effects of both aerobic and anaerobic exercises on estrogen level in postmenopausal osteoporotic females.
Methodology:
A randomized control trial was conducted among 94 postmenopausal osteoporotic females, randomly divided into two equal groups. The participants in Group A were assigned to perform aerobic exercise, whereas Group B performed resistance exercises. Each group performed exercises for 12 weeks, whereas reading was collected for blood estrogen level, fat mass, and muscle mass before exercise training and after 12 weeks of training.
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These postmenopausal endocrinal changes cause systematic skeletal changes characterized by changes in bone mass and microarchitectural deterioration of the bone, [29] as the ovaries stop producing estrogen hormone, leading to primary osteoporotic changes. [30] However, osteoporosis is often a silent disease without specific symptoms and detected in the connection with a fracture of a bone mass test called bone densitometer. [31, 32] The measurement value obtained from a bone densitometer is compared to young reference material (T-score), whereas a T-score <−2.5 classifies as osteoporosis. [31, 33] Studies conducted overtime have suggested exercises as a potential intervention strategy in controlling and preventing the menace of osteoporosis and also in overcoming the postmenopausal complications due to change in the level of anabolic hormones, particularly estrogen. [34] Exercise training plays an important role in improving the muscle strength, [28, 35] increasing bone metabolism, [34, 35] functional capacity, [36] and decreasing obesity, [35, 36] thus may lead to improve in the quality of life. [37] However, researches conducted until date is insufficient in estimating the effects of particular prescription of different types of exercises such as aerobic and anaerobic in the management of osteoporosis with postmenopausal complication among women. [38] There are conflicting results regarding the impact of physical exercise on anabolic hormones among the postmenopausal women. A study conducted in 2015 by Ketabipoor and Jahromi revealed that estrogen level increased significantly after the exercise program. [38] The results of this study were not in accordance with the results of Chan et al., 2007 , his study conducted to review association between physical activity and androgenic hormones in postmenopausal women showed that increase in physical activity is associated with a significant decrease in estradiol level. [39] Body fat in postmenopausal women may have an influence on the metabolism of estrogen. Furthermore, low levels of aromatase activity in abdominal fat may be effective in reducing estrogen. [40] On the other hand, endurance exercises increase the level of testosterone, dehydroepiandrosterone, estradiol, cortisol, and growth hormone, whereas the effects of resistance exercises are only limited to estradiol and growth hormone. [41] There is a conflicting result showing a negative effect of aerobic exercises on estrogen level, whereas the effect of resistance exercise is unknown. [42] Postmenopausal females suffer from activity limitation and participation restriction, thus increasing the socioeconomic burden both nationally and internationally. Hence, the aim of the present study is to provide baseline evidence regarding the impact of aerobic and anaerobic exercises protocol that may help in increasing the activities of daily living and functional independence while reducing the health-care costs and improving health-related quality of life in older adults.
Methodology
The study was a randomized control trial comparing the effect of 12 weeks of aerobic exercises intervention versus anaerobic exercises on estradiol, fat mass, and muscle mass measured at the baseline and after 12 weeks of intervention. The study was conducted according to the guidelines of Belmont Report for ethical decision-making related to all the trials that include human subjects. The Ethical Review Committee of Ziauddin University approved the protocol (Ref # 0180617AFMPT).
Participants
All females fulfilling the inclusion criteria were recruited and screened on the basis of Physical Activity ReadinessQuestionnaire and YOU form. Randomization was performed by a random number generation and group name was placed in a sealed envelope that was only opened at the time of performing exercises.
Assessment parameters

Estradiol blood test
Estradiol blood test of the participants was done by a laboratory assistant to evaluate the estrogen level of the participants' pre-and post-exercise intervention that is at 0 week and after 12 weeks of training protocol.
Fat mass calculation
Skinfold thickness method was used to calculate fat mass according to National Health and Nutrition Examination Survey, [43] before exercise training and after 12 weeks of training. The measurement was usually performed at specific site on the right side of the body, the participants stood up, with relaxed shoulder and arms hanging freely at the sides. The measurement was taken using a caliper where the reliability and validity of it have previously been documented. [44] The performer pinched the tested site of skin from thumb and index finger away from underlying muscle so only skin and fat tissue were calculated. Three measurements were recorded and averagewas taken. [45] The value was taken from abdomen, suprailiac, and triceps using the following formula: 
Muscle mass calculation
The muscle mass of the body was calculated by subtracting the fat mass from total body mass Muscle mass =Total body weight−Fat mas. [46] The muscle mass was calculated before the 1 st week of training and after the completion of 12 weeks of training.
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Exercise intervention
The study was conducted on 94 postmenopausal osteoporotic females and randomized using an enveloped method in Group A (n = 47) and Group B (n = 47) to receive the intervention based on aerobic and anaerobic exercise protocols in accordance with the guidelines of the American College of Sports Medicine using the frequency, intensity, time, and type (FITT) protocol. [47] Group A was given an intervention based on aerobic exercises protocol, whereas Group B was given anaerobic exercises protocol.
Warm up
Ten min of warm up [48] exercises was performed before the start of the training session on a prescribed criterion of +10 resting heartbeats. The warm session included initial stretching exercises of calf and hamstring for 5 min and walking on a treadmillwith intensity where heart rate increases to +10 beats from the resting level afterward conditioning was performed based on anaerobic and aerobic protocol.
Aerobic protocol
The aerobic exercise protocol included cross trainer. The participants were informed about the cardiac prodromal symptoms such as shortness of breath, dizziness, chest discomfort, or palpitation that might develop during exercise and were advised to immediately inform these symptoms to the physical therapist. The patient's vitals (oxygen saturation, blood pressure, and pulse rate) were monitored before, during, and after exercise through pulse oximeter and sphygmomanometer.
The details of the FITT protocol for aerobic group according to the American College of Sports Medicine (ACSM) guidelines are given in Table 1 .
Anaerobic protocol
The protocol was based on strengthening exercises of 10 major muscle groups. The intensity of the weight-bearing exercises was calculated using one repetition maximum method [49] which involved the following protocol:
• The patient was asked to lift a weight of 3 kg and perform 10 repetitions • If the patient completed 10 repetitions, then 1 kg of weight was added and the same protocol was repeated • In case, the patient fails to complete 10 repetitions of any given weight, then 60-80% of that weight was calculated and used for training purpose.
The detail of the FITT protocol for anaerobic group according to the ACSM guidelines, to be performed is as under Table 2 .
Cool down
The process involved a post-conditioning resting period of 10 min during which the patients were asked to sit on a chair and performed deep breathing exercises. During a cool down process, patient vitals; pulse rate, oxygen saturation, and blood pressures were monitored. The session of cool down continued until the patient pulse rate reaches to the resting pulse rate that was recorded before the start of the training.
Exercise termination criteria
On the occurrence of any one of the following events at any time during the session, the exercises were prematurely terminated:
• The training session was prematurely terminated on the request of the participants or when any one of the following conditions occur • Modified Borg dyspnea scale (RPP) at level 7 or above [50] • Complain of chest pain • Decrease in oxygen saturation that is <95%. [51] 
Inclusion criteria
The following criteria were included in the study:
• Osteoporotic postmenopausal females (diagnosed by an orthopedic) • 1-5 years postmenopause [52] • Body mass index (BMI) between 25 and 30 kg/m 2 [46] • Undergoes natural menopause. 
Exclusion criteria
The following criteria were excluded from the study:
• Females who have undergone any hormone replacement therapy [52] • Any surgery that may limit recruitment in exercise protocol [52] • Osteoporotic fracture • Any other disability that limits the participant to enroll in exercise protocol [38] Results
Demographic representation
A total of 94 participants were recruited in the study; the mean age of the participants, weight, and BMI measurement at the baseline are illustrated in Table 3 .
At baseline, the participants in both the groups have similar demographic characteristics in terms of age, weight, and BMI.
Level of significance
The level of significance within the group was calculated at 95% of C.I using a paired t-test (two tailed) statistics. Table 4 depicts the values obtained after 12 weeks of interventional strategies on estradiol and bone mass density (BMD).
It was analyzed from above table that the pre-post mean difference after intervention of 12 weeks from baseline in anaerobic group shows significant improvement in the estradiol level and BMD, whereas the impact of aerobic exercises was found to be non-significant on BMD and estradiol levels of postmenopausal osteoporotic females.
The changes in fat mass and bone mass using both the intervention strategies are clearly revealed in Table 5 .
The values observed in Table 5 showed that anaerobic exercises have positive effects on the level of muscle mass; however, its impact on fat mass was found to be non-significant. Whereas on the other hand, the impact of aerobic exercises on fat mass was significant; however, no significant effects had been observed in muscle mass. Table 6 illustrates that the effects of anaerobic exercises were significant in comparison to the aerobic exercises P < 0.05 in improving the estradiol levels and reducing the BMD the participants P < 0.05
P-values of fat mass and muscle mass among the postmenopausal osteoporotic women after 12-week intervention are elaborated in Table 7 . Table 7 shows that the no significant mean difference in prepost fat mass in anaerobic group had been observed favoring aerobic exercises over anaerobic intervention, whereas between-group comparisons in the two groups for muscle mass were found to be weekly significant favoring anaerobic over aerobic.
Discussion
Our results of the 12 weeks randomized control trial study suggest that exercise intervention based on aerobic and anaerobic exercise does improve the level of circulating estrogen in the overweight postmenopausal osteoporotic women. Besides that, it also shows that resisted exercises were found to be effective in increasing the muscle mass and decreasing the fat mass and ultimately improving health-related quality of life of postmenopausal osteoporotic women. The finding of this study was according to the result of the previous study conducted by Moghadasi and Siavashpour, 2013 , suggested that 12 weeks of resistance training significantly increase in the growth hormone, estrogen, parathyroid hormone, and testosterone. [53] Another study conducted by Ketabipoor and Jahromi, in 2015, where aerobic exercise reduced the BMI causing increase estrogen level, despite in reduction of fat tissue that is considered as a source of estrogen secretion. [38] On the other hand, Kenney et al., 2015 , emphasized that several exercise programs are also incorporated in the fitness training to burn fat, resulting in reducing the fat mass ultimately leading to a decrease in the estrogen level. [54] Moreover, in another RCT, the fitness level and quality of life of postmenopausal women were improved through a regular controlled exercise program of 6 weeks. [55] There are conflicting results about the impact of different physical activity programs on estrogen level of postmenopausal females. Some studies have found a negative association between physical activity and fat mass and also in the estradiol levels, whereas others revealed the positive association. A study conducted in 2016 by Wint et al. revealed that 3 h of moderate exercise per week decrease the estrogen level. However study conducted in 2015 by Hackney concluded that aerobic training decreases the estrogen hormone, whereas the effect of anaerobic exercise was unknown. [42] Several prior reports have also evaluated association among body composition and estradiol level in the body, but such association does not compare according to the dose of exercise.
Rossi et al., in 2015, suggest that aerobic exercise decreases the adiposity, whereas resistance exercise improving the muscle mass. Another study conducted in 2015 concludes that exercise helps to burn more fat and reduces fat mass, hence, helps in decreasing the estrogen level. [56] The findings of our study indicate that despite decreasing fat mass, physical exercises increase the estradiol level significantly when 12 weeks of exercise protocol is incorporated among the postmenopausal females. The individuality of this study is based on the concept of exercises as medicine, in which the 12 weeks of training protocol was used. Besides, determining the effect of exercise regimes as a medicine, the study also aimed to identify the efficacy of exercises applied in the management of postmenopausal symptoms and for that purpose efforts had been made in the process of data collection where the data had been taken twice from the patient once before the session and after 12 weeks of intervention. The study was unique in its approach as exercises based on the prescribed criteria of FITT as per the guidelines of the American College of Sports Medicine, 2013, were used to quantify the dosage of exercises. The results showed that exercises were not only found to be effective in the management of the primary outcome measure, i.e. estradiol level but indeed it was also revealed that out of the two groups, the anaerobic exercises had more causal effects on lean mass and BMD, in comparison to aerobic exercises. This may be due to the criteria of anaerobic exercises that were performed only 3 days per week, whereas aerobic exercises were performed for 5 days per week making a total dosage of anaerobic for 36 days and aerobic for 60 days, thus establishing a fact that anaerobic regime of exercises was time and cost effective than aerobic for the management of postmenopausal osteoporotic female. A few limitations of the study need to be overcome where only 12 weeks of protocol was used and no residual effects were checked as a follow-up of next 6 months was to be checked. However, this is beyond the scope of our study.
Conclusion
The finding of our study shows that 12 weeks of anaerobic exercise training based on the ACSM FITT protocol is found to be effective in the improvement of estradiol level and BMD in postmenopausal osteoporotic female. Moreover, it was also concluded that anaerobic exercise is associated with increasing the lean mass, whereas aerobic exercise plays a key role in reducing the fat mass; hence, we concluded that quality of life of postmenopausal osteoporotic female can be improved by anaerobic exercise program of 12 weeks. 
